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_ i The Agena is a satellite vehicle capable of placing a 


variety of payloads into Precisely determined orbits 


in any attitude with respect to the earth, The capabil. 
ity of the Agena has been Proven over the past year 
and a half, Substantial increases in Agena perform. 





MOST PAYLOAD PLACED IN ORBIT oF 
On 1 June 1960, total payload* weight of satel. 
lites sent into orbit by the USA and USSR was 
21,800 pounds. The USSR had orbited 12, 300 
Pounds, the USA 9, 500 pounds. Of the USA pay- 
load weight orbited, the Agena represented 7, 800 
pounds, (Agena-Discoverer, 4, 200 pounds, and 
Agena-MIDAS, 3, 600 pounds). 
The Agena then represents approximately: 
| 36 percent of world payload 
82 percent of USA payload 
63 percent of USSR payload 
(As shown in graph at right) 
RAPID DEVELOPMENT— 7 
ACCELERATED LAUNCH SCHEDULE 
_The first Agena in the Discoverer Program was 


launched 13 months after the USAF Thor wag 
designated ag the booster for that program. 


Within 14 months 11 Agenas had been launched, 
with 7 placed successfully in polar orbit. . 


we | | hose 
Payload defined as equipment needed for 
orbital operation (and capsule Te-entry 


ALL U.S. SATELLITES 





when applicable) | —SECRET | 





An Agena-Discoverer Sate 
ellite Goes into Orbit 
From Vandenberg AFB 


— | 


-USED IN THESE MAJOR PROGRAMS:. 


USAF Discoverer 
MIDAS 
Samos 


- NASA Lunar Probes 
Scientific Satellites 


A gena- MIDAS Infrared 
Detection Reconnaissance 

| Satelli te Lifts From 
AFMTC 
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MAJOR CONTRIBUTOR TO U.S. SPACE PROGRAMS... | 


FIRST TO ACHIEVE ... 


Earth-Referenced Attitude Control 


Ejection of Recovery Capsule 


HAS DEMONSTRATED .__ 


Dependable Propulsion 


Ground Command of Satellite Functions 


Ample Electrica] Power 
Effectiveness of Unitized Telemetry 
High Reliability 


ADVANCED AGENA WILL, FEATURE... _ 


IN ADDITION ... 


Engine Restart in Orbit | = 
Double the Original Burning Time © 


increased Specific Impulse 
Greater Payload Capability 


Orbital Period Adjus tment 


Complete Satellite Support Facilities 
Contributions to Scientific Res earch 


FIRST TO ACHIEVE 
EARTH-REFERENCED 


ATTITUD CONTROL | 





THIS MAKES POSSIBLE. 


Missions requiring a stabilized satellite, such as: 
_ Mapping —_ 
Recovery of orbital payload 
Communications : 
Navigation 
Reconnaissance 


Continuous communication betweén satellite and 
ground stations (signal blanking due to turnb - 
ling is eliminated) é | 


Lighter, more efficient communications system 
through use of directional antenna 





SATISFACTORY CONTROL Se 9° 68S 10 i547 
. niiaaiaias VL |‘ ORBIT NUMBER 


ne = | 7 ORBIT ATTITUDE 
LOSS OF CONTROL [ ] CONTROL, PERFORMANCE 


< . - —SFERET | ON DISCOVERER FLIGHTS _ ; 


Agena-Discoverer flights have demonstrated inertial wheel system. If large disturb ances 


that the combination of horizon sensor, inertial should cause the wheel System to become gaty- 
reference package (IRP). and gas jet control | rated, the gas jet control system will be acti. 
maintain vehicle attitude within two de grees vated until the vehicle oscillations are reduced 
while in orbit. This first application of an in- enough to allow inertial whee] Stabilization to 
frared device for sensing the horizon has Proven resume. In this back-up role, the gas consump - 
the soundness of its principle. Both day and tion is between 15 and 20 pounds per year, and 
night it provides a continuous master reference the electrical requirement 50 watts average 
to correct inertial reference gyro drift on orbit, power. The attitude control system permits the 
Discoverer flights also demonstrated the sys-~ vehicle to operate in any attitude at orbital 
-term'g reliability for attitude positioning of the _ altitudes from 200 to 6,000 nautica) miles. The 
satellite to meet specific mission requirements. System allows +0. | degree control in pitch and 
An example of this is the 180-degree yaw and 60- roll, and #1. 0 degree control in yaw. Maximum 
degree vehicle Ppitch-down successfully accom- body rates are reduced to 4 degrees per hour. 
plished for in-orbit capsule ejection. Separate | 2 | 7 ioe 
from the contro] System, a sun position indi- System reliability remains higheven when equip- 
cator is being used to measure vehicle attitude, ment failures occur. If one of the horizon sensors, 
eo." & : 2 | pe control moment Gyros or the inertial wheel 
For future Agena attitude control, the prime System fails, the system will continue to function. 
reference is a pair of continuously Operating If one of the contro] moment gyros fails, a 
horizon sensors. The combination of horizon 2-degree degradation of control results. If the 
Sensor and IRP will be used on short duration inertial wheel System fails, attitude will still be 
missions; however, the IRP will be turned off to maintained by the gas jet control: System. This 
Conserve electrical] power on long flights. Minor means of control, however, can last but three 
disturbances or oscillations in the vehicle will be weeks because of increased demands on the gas 


damped out by control moment gyros and an supply. 






——— FIRST TO ACHIEVE ——____ —— 
EJECTION OF RECOVERY CAPSULE 


Agena is the first satellite to eject a recovery _ The sequence of events during capsule ejection 


Capsule after several: orbits. In the Discoverer | Sai adie q a pi Hoon oi pone bie pa | 

Program, the capsule was ejected five times. _ passes. The timer actuates the control system 

: : | a _ ‘which places the vehicle in the Proper attitude 
for capsule ejection, ee . 

CAPSULE EJECTION _ The capsule is ejected from the satellite by 

MAKES POSSIBLE: fe | *prings after explosive separation bolts are 

| | — fired. Almost immediately, two small rockets 

@ Return to earth of experimental payloads fire and spin the capsule for stability during the 

a firing of a larger retro-rocket, The retro-rock- 

e Experiments leading to "man -in - space"! et reduces velocity below that required to main- 

| | | = tain the orbit, ‘De-spin rockets then stop the 

@ Consideration of Special tactical missions | Spinning and the entire thrust cone is jettisoned. 


During re-entry the capsule is protected from 
heat by an ablative shell. When the capsule has 
reached a deceleration of 5 g's, a switch acti- 
vates the deployment sequence. A Parachute is 
deployed and chaff ejected at about 50, 000 feet. 
the same time, the ablative shell is jettison- 
ed, a radio beacon begins transmission and a 
‘brilliant light begins flashing. The capsule -may 
© recovered by air snatch or from the sea. The 
capsule will float for Several hours with beacon 
and flashing light operating. a : 


FROM LAUNCH TO 
PICKUP, SATELLITE 

> AND CAPSULE 
AY 


* se @ 


900 Mi. 







Many factors are involved in recovering the 
capsule. As the satellite goes through the 25- 
hour period of 17 polar orbits, traveling at 
17,600 mph, it must be precisely tracked, so 


that its orbital path, apogee and perigee can be 


exact time igs determined for the initi- 
ation of the recovery sequence. This 
information is transmitted to the satel- eer eaame 
lite so that the capsule is ejected at the ee 
predetermined point. From this point 
the capsule speed is reduced so that 
re-entry occurs. Just before and during 
re-entry, a series of equipment oper - 
ations must occur precisely at correct - nr of | ee 
times and within required limits, For sited ee 2 i | a 2 noes Sen er 
example, separation spring. forces, ee ” 33 we ea “ Sea ee 
POSsible misalignment of the retro- 
rockets, and variation in retro-rocket 
impulse must be within a smal] percent 
of nominal value. When these and other 
functions occur within operating limits, 
dispersion of the capsule will be within 
an area approximately 50n.m. wide and 
120 n.m. long. When any of the events 
occur outside Operating limits, or fai] — 
to occur, the impact area becomes. 
larger, and the difficulty of recovering 


the capsule is increased. | © FROM Timer INITIATION OF RECOVERY CYCLE TO AiR 
| ee | | OR SEA CAPSULE PICKUP, APPROX. 15 EVENTS OCCUR. 


ORB 
4 





° UNITS OF AIR-SEA CAPSULE PICKUP TEAM MUST BE 
IN POSITION OVER A 6000 SQ. Mi. RECOVERY AREA. 





In the Discoverer program, the Agena propul- 
sion subsystem has had the opportunity to 
function on 10 out of 11 flights. The subsystem 
started and operated on all ten. This high 
reliability can be attributed to design based 
upon proven principles and a thorough develop- 
ment, testing and checkout program. | | 


Supporting the Agena power plant, which consists 
of a conventional turbopump-fed, gimbal-mount- 


' ed, storable propellant liquid rocket engine © 


burning UDMH and IRFNA, are: 


A. helium propellant pressurization as- 
sembly with. necessary. safety devices 


A. trouble-free propellant loading and 
feed assembly consisting of umbilical 
disconnects plus connecting lines 


A. propellant: orientation assembly con- _ 


sisting of two solid propellant rocket 
motors for zero gravity engine starting. 


—HAS DEMONSTRATED 
DEPENDABLE PROPULSION | 


Behind the successful performance of the Agena 
propulsion subsystem lies a program of close 
engineering control, suchas: - 


A comprehensive ground and altitudetest 
program (the Agena engine was the first 
large full-scale engine to be tested in an 
altitude facility) | 


Close monitoring of vendor and subcon- 
tract development and production to 
secure strict and constant quality control 


Maintenance of close controls on sub- 
system cleanliness and humidity when 
installed in the test vehicle | 


Close engineering support to the using 
agencies and strict adherence to check- 
out and test procedures. 


To further guarantee successful performance in 


future Discoverer flights, the propulsion sub- 


system with its components is being further | 
simplified. | 


ne 


I 
‘ 
i 
’ 
§. 
i 







‘An Agena Satellite is 
Acceptance-Tested at 
Santa Cruz Test Base 


__~ HAS DEMONSTRATED ~ 
“ROUND COMMAND OF VEHICLE FUNCTIONS 


Execution of these commands 


10 


Permits: 


More accurate injection in- 


to orbit by adjusting time- | 


of-ignition and velocity-to- 
be~gained 


Adjustment of vehicle timer 
to program telemetry read. 
out over tracking stations 


“Control of start of ejection 


Sequence to. accommodate 
variation in orbital period 


” Baveeat of commands sent 
that were received and 
verified. | 3 


*100 


75 






60 


FLIGHT NUMBER 
No. 3, 4, & 9: did ‘not orbit 


No. 5 & 6: operational and equipment difficulties 


No. 7: vehicle tumbled, blanking some trans- 
missions after control gas exhaustion 


No. 10: booster and vehicle destructed at T + 57 sec 


—SEGRET 


creprr 


Discoverer flights show an extensive history of 


successful satellite command. This success has 
been scored with a Space-ground communi- 
cations loop presenting a highly sophisticated 
capability. Not only programmed but real-time’! 
commands are transmitted when the satellite is 
within range of a ground station. — 


Programmed satellite commands, using an on- 
board sequencer, are available for orbital oper- 
ations when the satellite has passed beyond 
range of systems ground stations. In this 
manner, for instance, capsule ejection ig 
carried out, — | | | 


Real-time commands are performed with the 
ground station tracking radar (V ERLORT). For 
command purposes, the two-pulse . "tracking" 


Sroup is modified with an additional pulse. Tone 


modulation of this pulse varies the command, 
Six commands are possible. The radar beacon 
in the satellite functions dn the dual role of con- 


ventional receiver and conventionaltransponder. 


In the latter function, it responds to command 


type signals. Commands received by the satel. 


lite are verified by transmitting a signal to the 
ground station. Up to a total of forty-one 
commands. have been sent to one satellite 
and verified, 7 | | 





11. 





HAS DEMONSTRATED 


_ AMPLE ELECTRICAL POWER 





(Supported by solar APU in the advanced Agena) 


Agena has achieved a very good record with The advanced Agena will provide: 


electrical Power supply operation; The power 7 

supply, consisting of a 28v de ba ttery source Longer operating life 
feeding 400-and 2000-cycle inverters, functioned | Secondary batteries will be recharged by 
normally on all 11 Discoverer flights, age oe |  8olar cell arrays extended after the 
exception; during the first orbit of flight 7, = | satellite is in orbit. The cells are orient- 


element of the 400-cycle System failed. 


ed for aimum exposure to the sun by 
. & motor driving unit controlled by solar 
radiation sensing devices. | a 


Lightweight system 
0.6 pounds per watt, 28v dec 


-0 watts per square foot in direct solar 
radiation (including all losses) 








In the Discoverer program, this equipment has achieved 90-95 percent 
recovery of all telemetered data. | 
) Advantages of the telemetry design: | 
| | | Flexible FM/FM 5 ystem for a variety of mission 
needs’ | | a 
Modular "building block" ¢ onstruction 
permits easy ass embly of a telemetering 
system tailored to the needs of a particular 
mission. 


Lightwei ght equipment | 


able systems 


Weight with 15 channels and an 8-watt 
transmitter is 35 pounds. 


PAM/FM to be used in the MIDAS program will 
give better quality transmission with one-third 
the equipment Space and one-sixth the power 
requirements. —_ 7 | a 





Thirty percent lighter than other compar 
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Achieved engine ignition on 10 of 11 flights 7 7 | 

Maintained orbital attitudes within 0.25 degree in pitch and roll and 1.0 
degree in yaw _ a 7 | -- JG 
Provided 90-95 percent recovery of telemetered da 


Achieved separation during ascent on 10 of 11 fli ghts 


Received and executed 80-85 percent of all commands transmitted 
Achieved Satisfactory performance from the power supply system on all 


Achieved orbit velocity on 7 of 11 flights 


| Demonstrated structural integrity on all flights. 


The success achieved by the Agena in the | Through the entire development of the Agena, 


tems develop, 


Discoverer and MIDAS projects has resulted | components, subsystems and systems are rigor~_ 
from careful design and engineering, Com- _ ously tested to make sure they are reliable. 
‘ponents, subsystems and complete systems are Standards for reliability of the Agena are con. 
designed with reliability in mind. As the sys~ stantly revised in the light of new experience 


they are constantly reviewedto | derived from space programs, 
assure compliance with reliability standards, | | 





FRODUCTION SEQUENCE VEHICLE NUMBER 
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ADVANCED AGENA ENGINE RESTART CAPABILITY, A MAJOR 


STEP IN PROPULSION: 


in payload weight 


@ Allows varying of point of in 


© Permits either a higher circular orbit or an increase 


jection into orbit to meet 


the particular need of a mission 
@ Eliminates need for separate recovery Propulsion . 


A series of engine ground tests has conclusively 


shown that the Agena engine can be restarted at | 
orbital altitude, ‘The restart technique for or- 


bital injection means Greater altitudes and 


heavier payloads with substantially the same 


equipment, After the engine has finished the 


first burn, the satellite coasts to the desired | 
 @pogee altitude on a transfer ellipse. Here the 


engine is ignited briefly to inject the satellite 
into a circular orbit. 


Because of basic energy relationships, the re- 


start technique permits either a higher circular 


orbit or an increase in payload weight. ‘That is, 


a fixed payload weight can be carried to a high- 


er orbital altitude, or if the orbital altitude is 


fixed by the mission, a heavier payload may 


be carried, 


Restart permits selection of the injection point, 
a factor important for scientific missions. Re- 
start also permits use of the main propulsion 
system for recovery, eliminating the need for a 
separate recovery propulsion system. | 


—SECREF— 





. 


DOUBLE 
THE ORIGINAL 
BURNING TIME 





Test firings of the Agena engine showed that it 
can burn for extended periods. As a result of 
these tests, flight burning time was increased 
100 percent. The satellite and propulsion sys- 
tem design allowed an additional 6, 500 pounds 
of propellants to be added with only an approxi- 
mate 19 percent increase in Agena structural, 
pressurization System and tank weight. The 
ratio of impulse propellant weight to total burn- 
out weight, including guidance and control, 
propellant residuals and ascent telemetry 
(excluding payload that is functional only in 
orbit), is over 0.90. This is achieved from the 
development of @ propulsion system with a ratio 
of impulse -propellant~to-system- weight 
(excluding residuals) of 0.945. | 
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INCREASED - 


SPECIFIC 
IMPULSE 





THE SPECIFIC IMPULSE OF THE ADVANCED AGENA ENGINE Is 


_ BEING INCREASED To 292 + 
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2 POUND -SECONDS PER POUND 


This performance increase in the advanced . 


Agena engine of 14 pound-seconds per pound in 


specific impulse (278 to 292) is primarily 
achieved by increasing the nozzle. expansion 
ratio from 20:1 to 45:1, Other changes include | 
an improved injector system and turbo ~- pump . 
inducers, (After flight - demonstration of the 
system, specific impulse is expected to be 
increased further. ) | 





RESULT: INCREASED PERFORMANCE — KD _ 


JUPITER C, JUNO 1 AND 2 







THOR-ABLE -EXPLORER 







THOR-AGENA DISCOVERER _ 
THOR-AGENA 6 ADVANCED DISCOVERER 


THOR-AGENA &, MIDAS 
~~ SAMOS — NASA 
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SECRET - 


ADVANCED AGENa WILL FEATURE——_______. 
-  ¢, ORBITAL PERIOD ADJUSTMENT | : 


The advanced Agena will be the first Satellite designed to 


adjust its position while in orbit. This provides for: 


| Maintenance of Orbital vehicle position for 
‘operational systems such.as MIDAS 


More precise control of ejection point in 
Space so that ground recovery location can 
be more accurately predicted 


A program of global coverage could be maintained with 
fewer satellites if they were placed precisely into planned 
orbits. A system for such precise placement is under 





The system incorporates control jets that can make small 

velocity vector changes. This auxiliary thrust system will 
contain a pair of 200-pound-thrust nozzles, a pair of 20- 
pound - thrust nozzles, and approximately 110 pounds of 
propellants within a system weight of a PProximat ely 
200 pounds. 







WEIGHT 








TYPICAL ADVANCED AGENA SATELLITE i ( py 
POUNDS 
| | AL | TOTAL 
STRUCTURE | | i 250 : 
NOSE FAIRING (86 LBS), THOR ADAPTER (259 LBS), DESTRUCT.CHARGE AND 
| RETRO-ROCKETS (23 LBS), ‘ULAGE ROCKETS (76 LBS) | 444 
"8° PROPULSION | 656 
| | INCLUDING: ROCKET MOTOR | (297) 
PROPELLANT PRESSURE SYSTEM WITH HELIUM BOTTLES AND GAS ( 79) 
PROPELLANT TANK | (280) 
“D" GUIDANCE AND CONTROLS | 188 
C'' AUXILIARY POWER = a 146 
"1 COMMUNICATIONS (COMMAND AND TRACKING) re 
WEIGHT EMPTY (LESS PAYLOAD) | ee PAT 
PROPELLANTS = _ 13,117 
GROSS WEIGHT (LESS PAYLOAD) | | 14,833 
_ LESS: NOSE FAIRING, ADAPTER, ETC. AND CONTROL GAS - | "378 
IGNITION WEIGHT (1st BURN) | 14,455 
LESS: IMPULSE PROPELLANT : | - 12950 | 
LESS: OXIDIZER PRE- AND POST-FLOW, ULLAGE eres (2nd BURN), 7 | | 
‘START CHARGE, CONTROL GAS 7 | “140 


BURNOUT WEIGHT (LESS PAYLOAD) _ | 7 1,365 
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Atlas-Agena Leunch Com- 
plex Under Construction 
at Point Arguello 





Development of satellite support facilities for the Dis. . 


coverer program has paralleled the development ‘of 
the satellite itself. To support the satellite, a complex 
network of launching facilities, tracking stations and 
the control center had to be conceived, equipped and 


The Control aad Command Center 
for the Satellite Network is 
Located in Sunnyvale, California 


—SEGREF 






Tracking Station Transmitting 
Equipment for Commanding 
Agena Satellites 







—SEGRET 


put into operation, , The design, fabrication of 
equipment and testing of this network was a 
major task. The training of Personnel and suc. 


cessful operation of the network are in them- 


selvesvery significant technological accomplish- 
ments, — | | 


The Pacific Missile Range (PMR) Agena-Thor : 


launch complex at Vandenberg AFB includes two 
launch pads. By mid-1960 two launch pads for 
Atlas~Agena flights will be available at the Point 
Arguello (PMR) facility, ) | 


At AFMTC in the Atlantic 
‘Missile Range (AMR), a 
pad and its support equip. 

ment for Atlas - Agena 
‘flights is available. 


The Agena tracking and 
control networkfor satel- 
lite tracking, data acqui. 
sition and Sround-to~s pace 


Angle Tracker Control 
Console at Vandenberg AFB 


capability has been well-tested in the Discoverer 
Program. This network includes the Vandenberg 


tions for orbital tracking in Alaska and Hawaii, 
and the Air Force Satellite Test Center at Sunny- 
vale, California, , 


| Supporting the Satellite Test Center is a UNIVAC 


1103A computer. Procedures and Programs have 


been perfected for computing ephemerides from. 


tracking data. From the ephemeris, acquisition 


and command information has be en accurately | 
computed and retransmitted to all tracking sta- 


tions on all of the Agena flights, 


The Data Processing and Reduction facility at 


Sunnyvale receives and Processes all telemetry 


data pertinent to mission accomplishment. Analog 
and digital records of the vehicle parameters are 
available for analysis 8 to 10 hours after they 


_ have been recorded at the tracking station, Im. 
provements in processing techniques and com. | 
puter programs have meant a 40 to 50 percent | 


saving in data reduction time, 
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Biomedical Data : ‘High Precision Satellite Position Measurement 


In one Discoverer flight, a biomedical research — Asa simultaneous means for tracking the Agena, | 
capsule containing four live mice was monitored an optical method was devised. Satellite lights 
| for 791 seconds. Physiologica) data was obtained. | were tracked by various sites equipped with 
y, on reactions of the specimens during the boost _ Baker-Num cameras. Discoverer 11 was opti- 
» iL phase and 510 seconds of weightlessness. Such cally tracked in Spain (other stations had cloud 
‘pie information is of use for man-in-space experi- _ Cover). Data from such experiments contribute | 
ments like Project Mercury. | | to precise determination of the geoid. 
Temperature Data | 3 Special Planned Geophysical Measurements 
Approximately 500 ascent and orbital temper- Its stabilization in polar orbit makes the Dis. 
ature measurement channels have been provided _ Coverer satellite partic ularly useful for a 
on Agena flights. In early flights, temperature number of orbital geophysical experiments, 
instrumentation was mainly adapted to study of Equipment planned for these experiments in- 
ascent heating. Actual measurements were not cludes (1) magnetic spectrometers for measur- 
as high as predicted. As a result, the method ing the spectrum of auroral electrons and their 
of computing ascent temperatures was revis ed, angular distribution, (2) integrating dosimeters 
The ability to more accurat ely predict Peak for m easuring total radiation, (3) nuclear 
temperatures encountered daring asc ent will emulsions for cosmic ray experiments, (4) an 
permit weight, aving in structural designs. X-ray diffraction camera, and (5) an absorption 
Orbital temperature measurements have con. spectrometer for measuring the intensity and 
firmed the present methods of prediction, | Cnergy of. gamma and x-rays in the range be- 


- ee —SEGRET- 


Satellite Internal Pressure Meas urements 7 
To check the rate of pressure decay in orbit, a 


Ps ion gage was flown in the forward equip- 


ment section of Discoverer }1. Pressures of 
about 10-4 mm Hg were recorded in this area 
for many hours. This data discloses that thermal 
conduction paths may exist temporarily in 
satellites on orbit. 


Other Contributions 


Routine tracking of the Discoverer satellite 
gives rise to additional scientific data. For ex- 
ample, atmospheric density is determined from 
tracking measurements of satellite orbits. Be- 
Cause of the polar orbit of the Discoverer, it is 
possible to determine density as a function of 
altitude over a wide range of Seographical 
positions. Such measurements yield valuable 
information about the motion, ionization and 
heating of the Upper atmosphere and the manner 
in which it ig influenced by the various kinds of 
incident solar radiation. 


‘The contributions from these experiments and 
others to come are helping the Discoverer to 
(earnthe reputation of the Space age "Test Bed," 


SECRET 





27 











--« Prepared by Dept. 61-10 


